The purpose of this paper is (1) to quantitate the amount of muscle shortening achieved with a standard cinch; (2) to examine the way in which the muscle lengthens as the cinch is released; and (3) to review the results in a series of patients in which the cinch was used.
reviewed the procedure and quantified the shortening effect of the cinch in 32 operative cases and 6 pathological specimens. He concluded that the shortening was predictable and the effect was dependent on the width of the tendon strips, the number of strips, and the calibre of the suture strands. Durr (1937) (Rosenbaum et al., 1977) . The O'Connor cinch is a safe and effective adjustable resection technique and can be used in both adults and children.
The purpose of this paper is (1) to quantitate the amount of muscle shortening achieved with a standard cinch; (2) to examine the way in which the muscle lengthens as the cinch is released; and (3) to review the results in a series of patients in which the cinch was used.
Methods

TECHNIQUE OF MODIFIED CINCH
The cinch technique used in the study was performed in the following way.
(1) The muscle and its tendon were exposed through a conjunctival incision over the muscle insertion. The tendon was identified, freed of intramuscular membrane, and lifted on a muscle hook. A curved tendon-splitter (small, sharpened muscle hook- Fig. 1 ) was used to split the muscle in half, extending 5 to 6 mm back from the insertion. Each half of the muscle was then split again, producing 4 equal slips of muscle and tendon.
(2) A cinch cable was made from 4 strands of 3-0 nylon threaded through a large, curved, blunted needle (Fig. 2) . The ends of the suture were tied in a knot or melted together with a cautery to make an 8-strand cable.
(3) After the end of the cable was clipped to the drape near the eye it was looped round the first muscle slip. As the cable was threaded under the muscle slip it was directed toward the cornea. The cable was then looped round each of the remaining slips, being directed away from the cornea on the second loop, towards the cornea on the third loop, and away from the cornea on the forth loop (Fig. 3a) . Alternating the direction of the loops produces a more effective cinch on the muscle, and the long end of the cable that exits through the conjunctiva will be directed away from the cornea. The cinch was then pulled tight (Figs. 3b, c, d) , forceps ( Fig. 1 ) being used to hold the suture cable at one edge of the muscle. As the cinch was pulled taut, first on one margin of the muscle and then on the other, it effectively shortened the muscle (Fig. 3d ). The nylon cable was then cut 1 or 2 mm from the superior margin of the muscle while the inferior end was brought out through the conjunctiva to rest in the lower cul-de-sac. This end of the cable was left long enough to rest horizontally inside the lower lid.
The conjunctiva was closed with interrupted sutures, with particular attention to form a tight closure about the nylon cable. Patients were examined within 24 hours of surgery to determine the adequacy of alignment and the need for adjustment of the cinch. If a cover test in the sitting position showed a significant overcorrection, adjustment was performed. To (Fig. 4) In 17 patients a cinch was used as part of the surgical procedure. Follow-up ranged from 1 to 6 months with an average of 3 5 months. Eighteen cinches were used in these 17 patients. Of these, 6 were adjusted.
The preoperative deviations averaged 28 prism dioptres (range 80 prism dioptres of exotropia to 40 prism dioptres of esotropia).
Adjustment was done within 24 hours in 4 patients and 6 days postoperatively in 2 patients. Preadjustment deviations, as determined by cover test, ranged from 12 to 25 prism dioptres. Of those patients adjusted on the first postoperative day there was an immediate reduction in the deviation of 10 to 20 prism dioptres; those adjusted on the sixth day had a reduction of 3 to 10 prism dioptres. Three of the 4 cases adjusted on the first postoperative day had an additional 8 to 15 prism dioptre spontaneous reduction of the deviation in the following 2 to 4 weeks. The average change was 12 prism dioptres. The fourth case and the 2 patients adjusted on the sixth postoperative day showed no drift after adjustment. Of the 6 cinches adjusted 4 had no residual deviation, 1 had 8 prism dioptres of esotropia, and the other had 10 dioptres of exotropia.
The final residual deviation in this series of 17 patients varied from 10 dioptres of exotropia to 12 dioptres of esophoria. Eight patients had less than 2 dioptres of residual deviation, 5 had between 2 and 5 dioptres of esotropia, 1 had 12 dioptres of esophoria, and 3 had between 2 and 10 dioptres of exotropia. The average residual deviation was approximately 2 prism dioptres. None of these patients required additional surgery.
Discussion
Data from our studies illustrate several important characteristics of the cinch procedure. With a standard procedure a predictable muscle shortening occurs in man. This averaged 4 mm of resection. This amount of resection is frequently the maximum effect desired in vertical rectus surgery and can be sufficient when operating on tight horizontal rectus muscles or when 3 or 4 horizontal rectus muscles are operated upon at the same time.
It also gives consistent shortening in lateral rectus muscle pairs in animals. The wide difference in effective muscle shortening by the cinch between animals is probably due to the varying width of the lateral rectus muscles among dogs of different size and breed. The release of the cinch occurs in a graded fashion in animal studies. As each cable is removed, there is a relatively equal, incremental release of the cinch effect.
Clinical data show that there is an additional 'stretching out' of the cinch effect for 2 to 4 weeks after adjustment. A 10 to 20 dioptre reduction in the deviation can be achieved with removal of some or all of the cinch strands on the first postoperative day. When the entire cinch is removed, the muscle 768 group.bmj.com on October 14, 2017 -Published by http://bjo.bmj.com/ Downloaded from unwinds completely, thus minimising the effect of recession of the antagonist. The cinch can be adjusted only in one direction; it can be loosened or removed, not tightened.
The cinch can be used in children over the age of 3. If adjustment is required in a child, one instills a topical anaesthetic, pulls down the lower lid, picks up 1 strand of the cable with forceps, and gently slides it out horizontally. There is minimal discomfort to the patient, not unlike removing skin sutures.
Although the average follow-up is relatively short (3 5 months), the mechanical effect of any strabismus procedure is set approximately 8 weeks after surgery. Changes in the deviation after 3 5 months would not be the result of the type of surgery used, as no operative technique promises excellent results for an unlimited time.
We have encountered no complications resulting from this procedure. Patients may experience some minor discomfort from the cable resting in the cul-de-sac along with mild conjunctival hyperaemia. Occasionally the cable may pop out from beneath the lower lid, but it is easily replaced. There have been no postoperative infections as a result of the cinch.
The cinch procedure may be used in cases where the option for postoperative adjustment is desired. This might include patients with fusion capability, cases in which the surgical effect is somewhat unpredictable, or patients too young to co-operate for the 'standard' adjustable technique (ages 3 to 14). It is not recommended for use on previously operated muscles, as the effect of the cinch may be difficult to predict because of scarring. It should be reserved for children over the age of 3, as some patient co-operation is required.
The advantages of the cinch operation are: (1) it is a safe operation, as no scleral sutures are required; (2) it is easily performed; (3) it is an adjustable resection technique; (4) it can be used in adults and children; (5) it is reversible by removing the cinch cable on the first postoperative day.
